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(54) NEW ETHER COMPOUNDS AND PROCESS FOR PRODUCING THE SAME 

(57) Disclosed herein is a novel propenyl ether compound which can be cured by radical polymerization. 
The invention provides a propenyl ether compound represented by the formula: 
CH 3 -CH=CH-(OR 1 ) n -OCO-X-COO-(R 2 0) n -CH=CH-CH 3 

wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )-, each of R 1 and R 2 represents an alkylene group having 2 to 4 car- 
bon atoms or a cycloalkylene group having 5 to 1 2 carbon atoms, and n is an integer of 1 to 5, and 
an allyl ether compound represented by the formula: 



0) 



CH 2 =CH-CH 2 -(OR 6 ) n -OCO-X-COO-(R 7 0) n -CH 2 -CH=CH 2 



(2) 



wherein X represents -CH=CH- or -CH 2 -C(=CH 2 ), each of R and R 7 independently represent^ 

ing 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n is an .nteger of 1 ^prov ded 

that, when n - 1 . each of R 6 and R 7 represents an alkylene group having 3 or 4 carbon atoms or a cycloalkylene group 

haV The ^?o^u^7can be obtained by the reaction between fumaric acid, maleic acid, iconic ac id a deriva- 
tive thereof or the like and a polyalkylene glycol monopropenyl ether, a polyalkylene glycol monoallyl ether or the l.ke. 
Further the compound of the formula (1) can be obtained by isomerizing the allyl ether compound. 
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Description 

TFOHNICAL FIELD 

[0001] The present invention relates to a novel compound having an ether group.which can be cured by radical polym- 
erization and a process for producing the same. 

RAP.KfiROUND ART 

[0002] Thermosetting resins and photocurable resins are used as coating materials paint materials optics .I mat erials 
andaihesive materials. Curable compositions exhibiting a high curing rate that contam an acryhc acd es tor or meth- 
aayJc add ester as a principal component are widely used as thermosetting resins from ^"^J^ 
tion SSncVand productivtty can be enhanced. In particular, a afunctional or higher-functional acryhc acid ester or 
rShTcrync acid ester is employed for increasing the polymerization degree of cured res.n to thereby increase the hard- 

15 SSa? ^ a polyfunction^ acrylic acid ester by radical polymerization, the polymerization 

sSitX oxygen to thereby produce 7ncured portion with the result that the problem of rema.n.ng tack is caused. 
Mo^eSef many o? *e acrylic acid esters exhibit high skin stimulation, so that, also, the problem of tox,c,ty ,s encoun- 
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[0004] Vinyl ether compounds are known as being a photocurable compound whose skin stimu ation is low The vinyl 
etheTcompounds are cured by cationic polymerization, so that they are less susceptible to the polymerization .nhib.t on 
by oxygeT^owever. the catalysts for use in the cationic polymerization have such drawbacks that they are deactivated 
by S they are expensive and the number of varieties thereof is small to thereby m,t the number of 
fe y a"y alailable catalysts and many thereof are highly toxic. Further, the radical polymer, zation of only one kind (single 
vinyl ether does not proceed, so that, for example, the method of copolymer., ng a vinyl ether a ^ a " acryhc^matenal 
(Znomer) is employed for effecting the radical polymerization. However, in th,s copolymenzation. the copolymenzabrt- 
Knnot always be sTated as being excellent and, even if the copolymerization by radical pdymenzaton is performed, 
the production of product with satisfactorily high practicability is limited. rri „oim a . 

r00051 Recently the use of a propenyl ether as a cationic polymerization material .s drawng attention. Cnvello et al. 
reported in J Macromol. Sci. Part A. A31(9), 1105 (1994) that propenyl ethers exhibited high cationic polymer.zab.hty. 
The propenyl ether compounds have skeletal structures derived from phenols such as bisphenol. 
r5£>6 Further, U.S. Patent No. 4,864.054 reported that an aromatic propenyl ether compound could be .used I m var- 
ous applications through the cationic polymerization thereof. This aromatic propenyl ether compoun £ 
skeletal structure derived from a phenol such as bisphenol A or hydroquinone or from an ester such as a terephthalic 

erizability of this propenyl ether alone is as low as that of the above vinyl ether. 

[S The radL polymerization method has advantages in that, as compared with other polymenzation methods 
hearing time is generally relatively short, the molecular weight can be large, a large variety of rad.calpoymerizat.on 
n itiSc s available and their use is easy. Therefore, the radical polymerization method is an .ndustnally usefu 
Sym^izaL^Ti %£Z. a compound having a propenyl ether group or an ally, ether group whose sole radical 
polymerization is practicable is little known. 

(1) Canadian Patent Specification No. 575985 describes esters prepared from a saturated or an, unsaturated poly- 
carSc acid and aVpropenoxyJa.kano. of the formula RCH=CH-CH 2 -0-CH(R')CH(R»)-OH or CH^ 
CH 2 <M3H(R^H(R")-OH (wherein each of R. R' and R" is selected from among hydrogen and ^sjhedkyls 
preferably being those which do not contain more than three carbon atoms, for example, methyl, ethyl or propyl^ 
P Specifically the specification discloses, as preferred esters, di-(p-propenoxyethyl) maleate d,(p-propenoxye- 
thyhfuma ate * CH 2 JcH-CH 2 -0-(CH 2 ) 2 -OCO-CH=^ 

taconate (CH 2 =CH-CH 2 -0-(CH 2 ) 2 -oSo-CH(=CH 2 )CH 2 -COO-(CH 2 ) 2 -0-CH 2 -CH=CH 2 ). Further, the specrf.cation 
Ses that the Copolymerization reaction of the above monomers is accelerated by the presence of a perox,de 
such as dibenzoyl peroxide or diacetyl peroxide. ^«k«i 
However, the specification fails to present any specif ic description as to esters ,nduding an aJkylene _g roup hav- 
ing at least 3 carbon atoms or a cycloalkylene group having at least 5 carbon atoms .n the moiety CH(R )-CH(R )- 

(ST^n^P^l^M^on No 55(1 980)39533 discloses a process for producing an ^^y 10 ^ 1 ^^^^ 
ate in which an unsaturated canooxylic acid and an «o-halogenoalkyl vinyl ether are condensed wrth each other. 
tFulTjUnese Patent Laid-open Publication No. 57(1 982)-1 65409 discloses a thermosetting compos.t.on 
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containing a thermosetting catalyst, which comprises: 

(A) an aromatic polyvinyl ether compound selected from among (i) polyvinyl compounds . af the formula 
RQR 1 OC(R 2 )=C(R 3 2 ] n (wherein Q: -O-. -COO-. etc., R: polyvalent aromat.c orgamc group, R . alkylene 
group having 1 to 8 cSoon atoms, each of R 2 and R*: H or alky, group having 1 to 8 carbon atoms, and Ire 2 1 to 
w£lw Action product of the above polyvinyl compound with an active hydrogen compound selected from 
a soecified qroup including polycarboxylic acids, phenols, etc., and 

(BHa) anaryl onium salt selected from a specified group and (b) an organic oxidant or an aromafc po.yv.nyl 
ether soluble copper compound. 

(4) Still further, Japanese Patent No. 2.744,849 describes a process for producing a polyester having vinyl ether 
terminals, which comprises the steps of: 

(a) reacting a polyol with a polybasic acid ester having vinyl ether terminals in the presence of a transesterifi- 
Sion catalyst to ttiereby produce an oligomer of the polyol and the polybasic acid ester wh.ch has vmyl ether 
terminals and a by-product of hydroxymonovinyl ether, and 

(b) separating the hydroxymonovinyl ether during the reaction of the step (a). 

Compounds of the formula Y-[COOX] m (wherein Y: alkyl group, etc., X: alky, having 1 to 6 anbon. atoms , etc 
and m is 2 to 6) in which Y may be -(CH^- are described as the above polybas.c acd ester. The reachon of the 
formula: 

XOCO-Y-COOX (i) + R'CH=CR"OZ-OH (ii) R-CH=CR"0Z-0CO-Y-C0O-ZOR"C=HCR- (iii) + 2XOH t 
(wherein each of R- and R»: H or lower alky, group having 1 to 10 carbon * n <^ 

group) and the chain extension reaction between vinyl ether terminated ester (...) and polyol (HO-A-OH) are desenbed 
a* PxamDles of the vinyl ether terminal forming reactions of ester. 

However in the patent specification, there is no description regarding compounds wherein Y represents - 
CH=ChT (C^) K(=CH J. and there is no description teaching or suggesting the radical po.ymerizat.on of vmyl 

rstSe^ tfPubHshed Japanese Translation of PCT Patent Application No. 5(1993)-50^38 de^ribes 
an optical fiber coating composition comprising a product obtained by reacting together (a) a vinyl ether urethane 
oJgornercomposed o?a product obtained by reacting together (i) a hydroxyl terminated ^ i& ^ r °^ 
m naSd Dolvether (ii) a diisocyanate or a polyisocyanate having at least two funct.onal groups and (...) a hydroxy- 
monovfnyl ethlr ft) a vinyl ether terminated ester monomer and (c) a vinyl ether terminated monomer derived from 
a spec fiedlteohol A-(-COOZOCR 4 =CHR 3 ) n (wherein n: 1 to 4. A: alkylene group, etc., Z: alkylene. eto, each of 
H oralkyl group having ? to 10 oarbon atoms) is described as representing j above term, 
nated ester monomer (b). In claim 3 thereof, -CH=CH-. etc. are hsted as the above A, and -(CH 2 ) 4 -0-(CH£^ , 
(CHd4 % I (CH 2 ) 4 -0(CH 2 ) 4 , -CH 2 CH 2 -0-CH 2 CH 2 -. etc. are listed as the above Z. The specrf,cat.on also desenbes 
acomDOsition comprising the above composition and a cationic polymerization initiator, etc. 
8 SxSflh the specification describes an embodiment in which a cationic 

with the use of a cationic photoinitiator of a triarylphosphonium hexafluorophosphate salt ^sSPFe) (Un on Car 
bide UVI-6960), there is no example performing the radical polymerization of the v.nyl ether term.nat« 
omer (b) As apparent therefrom, the specif cation neither describes any technical concept of effecting the rad.cal 
Pdymer zation of the above vinyl ether terminated ester monomer (b) nor suggests any techn.cal concept of add.ng 
initiator to the above composition containing the monomer (b) to thereby carry out the red- 
ical polymerization. 

so OR.IECT OF TH F INVENTION 

[0009] The present invention has been made with a view toward resolving the above problems of the prior art, art lit 
LTn object of the present invention to provide a propenyl ether compound and an ally! ether compound capable of rad- 

55 SCTis^oTher object of the present invention to provide a process for producing the above propenyl ether com- 
pound and allyl ether compound for use in radical polymerization. 
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DlgQ! nsi *RE OF THF INVENTION 

[001 1] The propenyl ether compound for use in radical polymerization according to the present invention is repre- 
sented by the formula: 

5 CH 3 -CH=CH-(OR 1 ) n -OCO-X-COO-(R 2 0) n -CH=CH=CH3 0) 

VttgStZ 2 to 4 oanoon aton* « a c^ehe <troup h*, 
E£ ^SSSIK •*!. p"aL« that in the formula (1 ). n = 1 and each of R 1 and R 2 represents -OV 
SwT 1Sh C « ( i'n C ffifp.esent invention. It la pnetened that, in the formula n = 1, each of R 1 and R a represent • 

present invention comprises subjecting: 

an ester represented by the formula R^-OCO-X-COO-R 4 (wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )- and 
2L??I? ar^ 4 !ndependently represents an alkenyl group or alkyl group having 1 to 3 carbon atoms) and 
J toho. r^it formia CH 3 -CH=CH-(OR*) n -OH (wherein R* ^^v^T ' 
2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n .s an integer of 1 to 5) 
fo alansSterrfication reaction conducted in the presence of a transesterification cataiyst to thereby obta.n the 
above propenyl ether compound. 

[001 5] The second process for producing the propenyl ether compound for usein , radical polymerization according to 
the present invention comprises isomerizing an ally! ether compound represented by the formula: 

CH 2 =CH-CH 2 -(OR 6 ) n -OCO-X-CCX)-(R 7 0)n-CH 2 -CH=CH 2 (2) 

wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )-, each of R 6 and R 7 independently represents an alkylene group hav- 
^2 to * caLn atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n ,s an integer of 1 to 5. 

present invention comprises subjecting: 

(i) at least one carboxylic acid or anhydride thereof selected from the group consisting of maleic anhydride, maleic 

acid fumaric acid, itaconic acid and itaconic anhydride, and 

0 ) an alcohol represented by the formula CH 2 =CH-CH 2 -(ORB) n -OH (wherein R° represent an alkylene group hav- 
ng 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms a nd n s an ^ n o j 
to an esterif ication reaction conducted in the presence of an esterrfication catalyst to thereby obta.n the allyl ethe 
££££ SSSSSSi (2). and isomerizing the ally, ether compound to thereby obtain the above propenyl 
ether compound. 

[0017] The fourth process for producing the propenyl ether compound for use in radical polymerization according to 
45 the present invention comprises subjecting: 

an ester represented by the formula R3-OCO-X-COO-R 4 (wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )- and 
„f r3 anri R 4 represents an alkenvl group or alkyl group having 1 to 3 carbon atoms) ana 
toho. ZeseZtX SmutcHUH-CH 2 VR 8 )n-OH (wherein R« represents an alkylene group having 
2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n .s an integer of 1 to 5) 
to a traTsesterrfication reaction conducted in the presence of a transesterffication catalyst to thereby obta.n the ally, 
ether compound of the above formula (2). and 

isomerizing the allyl ether compound to thereby obtain the above propenyl ether compound. 

.001 81 In the oresent invention, it is preferred that the isomerization be performed in the presence of an isomerization 
Sst cCrSnT^ TJSSU a mSta. complex, or a catalyst supporting a metal, which metal ,s at least one metal 

srpuTeS^ 
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complex, or a catalyst supporting a metal, which metal is at least one metal selected from among ruthenium, palladium. 

iSrStheMo tCesent invention, it is preferred that, in the isomerization of the a..y. ether compound of the 
Ea (S al - alyl e£er group be isomerized into a propeny. ether group corresponding thereto at a converse of at 

5 SSi 1° \e allvl ether compound for use in radical polymerization according to the present invention is represented 
ab-e foIuTa ^herein, provided that it is preferred that, when n . 1 each of* rdW 4 feP " 

resents an alkylene group having 3 or 4 cartoon atoms or a cycloalkylene group having 5 to 12 carbon atoms. 

SST The S pSess for producing the ally! ether compound for use in radical po.ymenzat.on according to the 
10 present invention comprises subjecting: 

(i) at least one unsaturated dicarboxylic acid or anhydride thereof selected from the group consisting of maleic 

anhvdride maleic acid fumaric acid, itaconic acid and itaconic anhydride, and 

^?oh7repre^ 

ng 2 to 4 carbon atoms or a cycloalkylene group having 5 to 1 2 carbon atoms, and n .s an integer of 1 to 5 p ov ded 
hat when n = 1, it is preferred that R« represent an alkylene group having 3 or 4 carbon atoms or a cycloalkylene 
group having 5 to 1 2 carbon atoms) to an esterrf ication reaction conducted in the presence of an esterrf.cat.on cat- 
alvst 

to thereby obtain the above allyl ether compound for use in radical polymerization. 

20 [0023] The second process for producing the allyl ether compound for use in radical polymerization according to the 
present invention comprises subjecting: 

an ester represented by the formula R3-OCO-X-COO-R 4 (wherein X represents -CH=CH- or f"z^ c "*> and 
Sach of R3 aS R 4 independently represents an alkenyl group or alkyl group having 1 to 3 carton atoms) and 
* alcohol Resented by the formula CH 2 =CH-CH 2 -(OR«) n -OH (wherein R« represents an alkylene ^group having 
Tie SoTatoms or a cycloalkylene group having 5 to 12 carbon atoms, and n is an mteger of 1 to 5 p «w ded 
tt,at wSn n = 1 , it is preferred that R 8 represents an alkylene group having 3 or 4 carbon atoms or a cycloalkylene 

IT^^T^S?^ in the presence of a transection catalyst to thereby obtain the 
above allyl ether compound for use in radical polymerization. 

[00241 The process for producing an ether (co)polymer according to the present invention comprises Perfor^g a 
Si polymerization of any of the above propeny. ether compounds for use in radical polymerization or the allyl ether 
impound fo! use in radical polymerization in the presence of a radical polymerization initiator to thereby obtain the 

iSsV^e present invention provides the propenyl ether compound and allyl ether compound for use in radical 

££T Represent invention provides the process for producing the above propenyl ether compound and allyl ether 
40 compound for use in radical polymerization. 

RFST MDDF FOR CARRYING OUT THE INVENTION 

[0027] The propenyl ether compound for use in radical polymerization, allyl ether compound for use in radic^ polym- 
^ Son orocess for producing these compounds and method of performing radical polymerization of these com- 
rrStothe^ invention wiS be described in detail below. In the following description, when the same 
chaSeTeVoyed in different chemical formulae, it represents the same group or compound unless otherwise spec- 
ified. 

so Propenv. eth^r compound for use in radical polymerization 

[0028] The propenyl ether compound for use in radical polymerization according to the present invention is repre- 
sented by the formula: 

ss CHs-CH^H-fOR^n-OCO-X-COO^R^n-CH^H-CHa 0) 
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carbon atoms, and n is an integer of 1 to 5. 

[0029]' This propenyl ether compound for use in radical polymerization (1) has propenyl e her 9'oups (-O-C^CH- 
S3* b^te'rmlnals thereof andjn its molecule, has an unsaturated dibasic acid residue (»^ r !^^ 
acid radical) represented by the formula -CO-X-CO-, such as maleic acid res.due (.). fumanc acd residue (..) or rtaconic 
acid residue (Mi), namely. 

(i):H-C-C( = 0)-.<ii):-(0 = )C-C-H 
H -C-C( = 0)- H-C-C( = 0)- 

( iii ) : CH 2 
II 

C-C( = 0)- 
I 

CH 2 -C( = 0)- 
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[0030] The propenyl ether group (-0-CH=CH-CH 3 ) has E-form and Z-form. In the formula (1), the propenyl ether 
group may be of either E-form or Z-form. and the ratio thereof is not particularly hmrted. 

[0031] When X is -CH=CH, there are two types, namely cis and trans, and the as type corresponds to tt.e above 
formula (i) while the trans type corresponds to the above formula (ii). On the other hand, when X .s -CH 2 -C(=CH 2 )-, the 
compound corresponds to the above formula (iii). ... , , , ^ 

?0032] Generally, the compound containing a propenyl ether group exhibits high cat,on,c polymer,zab,.rty b^t low rad- 
cal polymerizability. However, in the present invention, the propenyl ether group is combined wttr the ^"saturated d ba- 
sic add residue such as maleic acid residue, fumaric acid residue or itacomc ac.d residue, so that the p^enyh ethe 
group and the double bond of the unsaturated dibasic acid residue exert copolymenzabihty to thereby enable the Radical 
polymerization. Moreover, in the present invention, there are both propeny. ether group and unsaturated^ d b* ac acd 
reJdue having a double bond in the same molecule, so that a high degree of cross nk-ng ^^f^Tl^Z 
ing to thereby reduce the proportion of uncured portion with the result that an excellent cured ^oduct ca n be obtained . 
[0033] In the present invention, the propenyl ether compound of the formula (1 ) in which R and R are 
(including both trans and cis. this applies hereinafter) or -CH 2 CH(CH 3 )- and n is 1 is preferred because an excellent 

SoSr^me'pSert^vention. the compound of the formula (1) in which X represents the unsaturated douhje bond 
derived from fumaric acid -CH=CH- (trans) is especially preferred. The propenyl ether group and the double bond 
derived from fumaric acid are especially excellent in radical copolymerizability. 

Production of the prooenvl ether compound for use in radi cal p olymerization (1) 

[0035] The above propenyl ether corrpound for use in radical polymerization (1 ) is produced by the following various 

[0W6] Se Spectfically, the propenyl ether compound (1) can be synthesized by a transesterrtication of an ester repre- 
sented by the following formula (4-a) and an alcohol represented by the follow.ng formula (4-b): 

R 3 -OCO-X-COO-R 4 < 4 " a > 

wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )- and each of R 3 and R 4 independently represents an alkenyl group 
or alkyl group having 1 to 3 carbon atoms, and 

CH 3 -CH=CH-(OR 5 ) n -OH ( 4 ' b > 

wherein R 5 like R 1 or R 2 of the formula ( 1) , represents an alkylene group having, 2 to 4 carbon atoms or a cycloalkylene 
group having 5 to 1 2 carbon atoms, and n. like n of the formula (1 ), is an integer of 1 to 5. 

[0037] The above ester (4-a) is a lower alkyl ester or lower alkenyl ester of an unsaturated d.basic acid (unsaturated 
dicarboxylic acid) such as maleic acid, fumaric acid or itaconic acid. 
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[0038] This ester (4-a), namely the lower alky, ester or lower alkenyl ester of an unsaturate* «basic acid 

ple, one which contains an alkyl or alkenyl group having 1 to 3 carbon atoms. Specifically, tor example, the ester (4-a) 

includes 

s lower alkyl esters of maleic acid, such as dimethyl maleate. diethyl maleate. dipropyl maleate and diisopropyl 

maleate; 

inwer alkenvl esters of maleic acid, such as diallyl maleate; 

lower aS estSs of fumaric acid, such as dimethyl fumarate, diethyl f umarate. dipropyl fumarate and dusopropyl 
fumarate; 

m inwpr alkenvl esters of fumaric acid, such as diallyl fumarate; 

lower a.M LeVs of Lconic acid, such as dimethyl itaconate. diethyl itaconate. dipropyl itaconate and dusopropy. 

itaconate; and 

lower alkenyl esters of itaconic acid, such as diallyl itaconate. 

,s [0039] With respect to the alkyl or alkenyl ester which contains an alkyl or alkenyl group having 4 or rmotoi 
atoms the removal of by-products from the reaction system tends to be difficult because the bo.l.ng point of alkyl alco- 
hol or alkenyl alcohol secondarily produced with the advance of the reaction is h.gh. 

[0040] The above alcohol (4-b) includes, for example, polyalkylene glycol monopropenyl ethers m wh.ch R is an 
alkylene group and polycycloalkylene glycol monopropenyl ethers in which R is a cycloalkylene group. 
so [0041 ] Specifically, for example, the above alcohol (4-b) includes: 

polyalkylene glycol monopropenyl ethers in which R 5 is an alkylene group, such as ethylene glycol monopropenyl 
Ser propylene glycol monopropenyl ether, 1 ,3-propanedioi monopropenyl ether. 1 ,4-butaned.o monopropeny 
ethe 1 S butanedio. monopropenyl ether, 1 ,2-octanedio. monopropenyl ether, diethylene glycol monopropeny. 
25 ether" dipropylene glycol monopropenyl ether, Methylene glycol monopropenyl ether, tnpropy ene glycol monopro- 
penyl ether tetraethylene glycol monopropenyl ether and tetrapropylene glycol monopropenyl ether, and 
ScydoaSjene glycol monopropeny. ethers in which R 5 is a cycloalkylene group, such as 1^ap«Mol 
monopropenyl ether. 1,2-cyclohexanediol monopropenyl ether and 1 ,2-cyclododecaned.ol monopropenyl ether. 

f00421 These polyalkylene or polycycloalkylene glycol monopropenyl ethers (4-b) are preferably used in an amount 
n 10 foW mo* £ preferably" J to 3-foldmol. relative to the ester group equivalent of the above ester (4-a), namely 
°he ester group equivalent of the lower alkyl ester or lower alkenyl ester of maleic acid, fumar.c acd or .laconic acd. 
[O^rconvenlonal transesterification catalysts can be used in this transesterification reaction. Examples of prefer- 
ably used catalysts include: 

alkali metals, alkaline earth metals, oxides thereof and weak acid salts of these metals; 

oxides, hydroxides, alcoholates, organic acid salts (e.g.. zinc acetate) and acetylacetonato complexes of Mn, Zn, 
Zr, Cd, Ti, Pb, Co and Sn; and 
dibutyltin oxide and dioctyltin oxide. 

[0044] These catalysts are generally used in an amount of 0.01 to 5% by weight, preferably 0.05 to 1% by -weight 
based on the total amount of the above ester (4-a) such as a lower alky, or alkeny. ester of male.c acd, fumanc acd or 

TUe reaction can generally be performed at 80 to 200>C, preferably 1 20 to 1 80»C. under 
atmospheric pressure. When the reaction temperature exceeds 200«C. a thermal polymerization ,s likely to occur. 
[0046] It is preferred that this transesterification reaction be performed in an atmosphere of .nert gas such as nitrogen 

?0M7] During the reaction, the polymerization may be prevented by the addition of, for example, the below described 

temthe reaction can be finalized by the removal of secondarily produced alkyl alcohol or alkenyl alcohol under 

!o049f Tne S propenyl ether compound (1) obtained by the above transesterification of ester (4-a) and alcohol (4-b), 
although can be used as a curable resin while the catalyst remains therein, is occasionally purrfied before use by. for 
example distillation in the presence of the below described polymerization inhibitor. 

[£ 50 ] >Ve Propenyl ether compound- (1) according to the present invention can be obtained by -somenzmg an allyl 
ether compound (2) represented by the formula: 
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CH 2 =CH-CH 2 -(0R 6 ) n -OCO-X-C00-(R 7 O) n -CH r CH=CH 2 (2) 

wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )-. each of R 6 and R 7 , like R 1 and R 2 of the formula (1). independently 
represents an alkylene group having 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n 

5 is an integer of 1 to 5, _ u nt , 0 „ 

to thereby convert the allyl ether group "CH 2 =CH-CH 2 -0-" to the propenyl ether group CH 3 -CH=CH-0- . 

All y! ftthar compound (2) 

[00511 Of these allyl ether compounds (2) represented by the above formula (2), it is preferred that, when n = 1 . each 
of R 6 and R 7 independently represent an alkylene group having 3 or 4 carbon atoms or a cycloalkylene group having 5 

loOKr^ne^ther compound (2) for use can be obtained by subjecting an unsaturated dicarboxylic acid or anhy- ^ 
dride thereof, such as maleic anhydride, maleic acid, fumaric acid, itaconic acid or itaconic anhydr.de. and an alcohol 
represented by the following formula (5) to an esterrfication reaction conducted in the presence of an estenf.cat.on cat- 
alyst. 

CH 2 =CH-CH 2 -(OR 8 ) n -OH ( 5 > 

wherein R 8, like R 6 and R 7 of the formula (2). represents an alkylene group having 2 to 4 carbon atoms or a 
cycloalkylene group having 5 to 12 carbon atoms, and n. like n of the formula (2), is an integer of 1 to 5. proved that, 
when n = 1 , it is preferred that R 8 represents an alkylene group having 3 or 4 carbon atoms or a cycloalkylene group 

[0053] 5 ^llSSrre^resented by the above formula (5) has the allyl ether group »CH 2 =CH-CH 2 -0-" and examples 
thereof include polyalkylene glycol monoallyl ethers in which R of the formula (5) is an alkylene group and polycy- 
cloalkylene glycol monoallyl ethers in which R 8 is a cycloalkylene group. 
[0054] Specifically, for example, the above alcohol (5) includes: 

polyalkylene glycol monoallyl ethers in which R 8 is an alkylene group, such as ethylene glycol monoallyl ether, pro- 
pylene glycol monoallyl ether. 1 .3-propanediol monoallyl ether. 1 .4-butaned.ol monoallyl ether. 1 ,3-butan^ o 
monoallyl ether. 1 .2-octanediol monoallyl ether, diethylene glycol monoallyl ether, tr.ethylene glycol monoa y 
ether, tripropylene glycol monoallyl ether, tetraethylene glycol monoallyl ether and tetrapropylene glycol monoallyl 

Sycvctoalkylene glycol monoallyl ethers in which R 8 is a cycloalkylene group, such as 1 .2-cyclopentanediol 
monoallyl ether. 1 ,2-cyclohexanediol monoallyl ether and 1 ,2-cyclododecanediol monoallyl ether. 

[0055] The above alcohol (5) is used in an amount of 2 to 10-fold mol, preferably 2.1 to 4-fold mol relative to the 
unsaturated dicarboxylic acid or anhydride thereof, such as maleic acid, maleic anhydride, fumanc acd, .tacomc acid 
or itaconic anhydride (total amount thereof). , . . Q __ iH 

[0056] Conventional esterif ication catalysts can be used in this esterrfication reactjon. Examples thereof mclude acd 
catalysts such as p-toluenesulfonic acid, sulfuric acid and acidic ion exchange resins. 
[0057] With respect to the amount of these catalysts, p-toluenesulfonic acid, sulfuric acid or the l.ke .s generally used 
in an amount of 0 1 to 5% by weight based on the unsaturated dicarboxylic acid or anhydride thereof, such as male.c 
anhydride, maleic acid, fumaric acid, itaconic acid or itaconic anhydride (total amount thereof). The amount of ac.d.c .on 
45 exchanqe resin used is generally not limited. 

[0058] This esterif ication reaction is generally performed at 60 to 150°C under atmospheric or superatmosphenc 
pressure while removing water secondarily produced in accordance with the advance of the reaction. 
[0059] The esterrfication reaction may be carried out in a solvent according to necessrty. Solvents which form an aze- 
Srtrope with secondarily produced water and are separated into two layers upon cooling are preferred, examples of 
so which include benzene, toluene and xylene. 

[0060] The desired allyl ether compound (2) can be obtained by removing the catalyst, unreacted starting compound, 
etc from the thus obtained reaction mixture solution by alkali washing, water washing, filtration, etc. and occasionally 
by conducting a purification through, for example, distillation in the presence of conventional polymerization inhibitor. 
[0061] Further, the allyl ether compound (2) can be synthesized by subjecting to a transestenf . cation reaction an ester 
55 (4-c) represented by the formula: 

R 3 -OCO-X-COO-R 4 < 4 ' c ) 
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wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )- and each of R 3 and R 4 , as mentioned above, independently repre- 
sents an alkenyl group or alkyl group having 1 to 3 carbon atoms, and 
the alcohol (alcohol (5)) represented by the above formula (5). 

rooG21 This ester (4-c) is a lower alkyl ester or lower alkenyl ester of an unsaturated dicarboxyhc acd such as maleic 
5 Sumlhc act or itaconic acid. The ester (4-c) is. for example, one which contains an alky, or alkenyl group having 
1 to 3 carbon atoms. 

Specifically, for example, the ester (4-c) includes: 

lower alkyl esters of maleic acid, such as dimethyl maleate. diethyl maleate. dipropyl maleate. diisopropyl maleate 
10 fowef STs!eToi fumaric acid, such as dimethyl f umarate. diethyl fumarate. dipropyl f umarate. diisopropyl fuma- 

[ower X'tteH SfcacK. such as dimethyl itaconate. diethyl itaconate. dipropyl itaconate. diisopropyl rta- 
cTna e andSlyl itaconate. With respect to the alky, or alkenyl ester having 4 or more carbon atoms^ the remove 
„ r b ?pro?ucts fL the reaction system tends to be difficult because the boiling point of a.ky. alcohol or alkenyl 
alcohol secondarily produced with the advance of the reaction is high. 

[0063] The alcohol represented by the above formula (5), i.e.. polyalkylene glycol monoallyl ether or polycycloalky.ene 
glycol monoallyl ether having the allyl ether gron> is the same as descnbed above 
20 r00641 The above alcohol (5) is used in an amount of 1 to 1 0-fold mol, preferably 1 .1 to 3-fold mol, relative to he este 
!Jo!p equivafent of the ester (4-c). namely the ester group equivalent of the lower a.ky. ester or lower dkenyl ester of 
unsaturated dicarboxylic acid such as maleic acid, fumaric acid or itaconic acid. 

S SnvSSna" transesterif ication cata.ysts can be used in this transesterif ication reaction. Examples of prefer- 
ably used catalysts include: 

alkali metals, alkaline earth metals, oxides of these and weak acid s f te ther f 01 ' . Mn 7n 7r Tj p . Coand 
oxides, hydroxides, alcoholates. organic acid salts and acetylacetonato complexes of Mn. Zn. Zr. Cd. T.. Pb. Co and 

Sn; and 

dibutyltin oxide and dioctyltin oxide. 
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[0066] These catalysts are generally used in an amount of 0.01 to 1% by weight based on the lower alkyl or alkenyl 
pster of maleic acid fumaric acid or itaconic acid (total amount thereof)- 

iSm The reaction can generally be performed at 80 to 200'C under atmospheric or superatmospheric pressure. 
Ethe reaction temperaLe exceeds 200°C, unfavorably, polymerization is likely tc ;.^"?J^2S£ 
cation reactions, the polymerization may be prevented by the addition of a polymerization inhibitor such as a phenolic 

tern The reaction can be finalized by the removal of secondarily produced alky, alcohol or alkenyl alcohol under 

SSf Thl above ally, ether compound (2) is an intermediate (raw materia.) of the propenyl ether compound I ol i the 
ormu a (1) according to the present invention, as described above. However, this allyl ether compound (2 rtse f can , be 
Sin the Presence of a radical polymerization initiator by heat, ultraviolet, electron beam, etc.. so that it can be used 
^fo^STSTth. present invention, from the viewpoint of. for example, the ease of P^nakoa J - preferred 
that the allyl ether compound (2) be isomerized for use as the propenyl ether compound of the formula (1 ). 

Prnriucition of piapanyj «th«r saoa aau o d ( 1 ) bv isgm firiartiao of ally! ether compound (2) 

[0070] The propenyl ether compound for use in radical polymerization (1) is obtained by the isomerization of the thus 
obtained allyl ether compound (2). The isomerization is generally conducted in the presence of a catalyst. 
SET °^ able isomerization cata.ysts include salts of the metals of Group 8 of the penod.c table Com- 

dexes thereof having a ligand of. for example, phosphine, nitrile. carbonyl or alkene and catalysts composing these 
on 9 a carrier such as silica, alumina, silica-alumina, active carbon or a metal oxide. These cata.ysts 

urn among the metals of Group 8 of the periodic table and a ligand of, for example, phosphine. nitr.le, cartx>nyl or 
aTen* ^^.X^mprising these metals supported on a carrier such as silica, alumina, si.ica-a.umma, active car- 
bon or a metal oxide are preferred in the present invention. 

[0073] Specially, the catalyst of salt of metal of Group 8 of the periodic table is, for example, ruthenium chlonde or 
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15 



20 



palladium chloride. .. .. 

[0074] Among the catalysts of complex of metal of Group 8 of the periodic table, ruthen.um complexes and pa torn 
compLes a°e preferred from the viewpoint of isomerization ratio. Specifically, suitable use can be made of, for exam- 

s Rhenium complexes such as dichlorotris(triphenylphosphine)ruthenium. A*""**^^ 
n7m dXdridoLakis^ 

rohydridotris(triphenylphosphine)ruthenium and carbonyldihydridotris(triphenylphosph.ne)ruthen 1 um. and 
3Sum complexes such as dich.orobis(benzonitrile)pal.adium. ra rbonyltris(triphenylphosphme)pal^d,um d,chlo o- 
biSphosphine)pallad,um, di-n -ch.orobis (l1 -ethy.ene)dipalladium, di-Michloro^^ 
io dium ?etrakis(tri P henyiphosphine)pa.ladium. dich.oro(1 .5-cyclooctadiene)pallad.um and d.chloro(1 ,3- 
nortoornadiene)palladium. These catalysts can be employed either individually or in combination 

Among the catalysts comprising the above metals supported on carriers, pallad.um catalysts exh,b.t h,gh act,v- 
rSpeciSy palladiunialumina and palladium/active carbon are preferred from the viewpoint of convers.cn ratio. 
0076] Siong the above catalysts, the metal salt catalyst and the metal complex catalyst are generally used hn an 
amount of 0.01 to 10% by weight, preferably 0.1 to 5% by weight, based on the ally, ether 

is oenerallv performed at 30 to 250°C. preferably 100 to 200°C. When the react.cn temperature .s lower than 30 C, the 
relcZ raX fs too lew. On the other hand, when the reaction temperature exceeds 250»C. side reactions occur- 
00771 In the use of the catalysts comprising the above metals supported on carriers, the catalyst supporting 0X)5 to 
S weight of" eta. is generaOy useS in an amount of 0.01 to 50% by weigh t preferably 5 to 20% by we.ght based 
on the ally! ether compound (2). The reaction is generally performed at 30 to 250°C. preferably 100 to 200 C. When the 
reason tXeraSefs lower than 30*C. the reaction rate is too .ow. On the other hand, when the reaction temperature 
exceeds 250°C side reactions may occur. 

[0078] The isomerization reaction can be performed in an atmosphere of inert gas such as nitrogen gas. 
[0079] Further, the isomerization reaction can be performed in any of various solvents. 
25 [0080] Examples of the solvents include: 

aromatic hydrocarbons such as benzene, toluene and xylene; 

ethers such as diethyl ether, dimethoxyethane, methoxyethyl ether and tetrahydrofuran; 
esters such as ethyl acetate, propyl acetate and butyl acetate; 
30 ketones such as acetone and methyl ethyl ketone; and 

alcohols such as methanol, ethanol. isopropyl alcohol and n-butyl alcohol. 

[0081] A polymerization inhibitor can be added in order to prevent the occurrence of polymerization reaction during 

the isomerization reaction. 
35 [0082] Examples of suitable polymerization inhibitors include: 

auinones such as p-benzoquinone and 2.5-diphenyl-p-benzoquinone; 

phenols such as hydroquinone. p-t-buty.catechol. 2.5<fi-t-butylhydroquinone. mono-t-butylhydroqu.none and tet- 
rakis[methylene-3-(3,5<li-t-butyl-4-hydroxyphenyl)propionato]methane; and 
40 metal salts such as copper naphthenate and cobalt naphthenate. 

[0083] During this isomerization reaction, the isomerization of a maleate to a fumarate may occur Spending on the 
conditions such as the type and amount of catalyst and reaction temperature. In th,s .somer.zat.on reaction, nc* only a 
complete isomerization o° the maleate to the fumarate may occur but also the isomerization to an 
Sting of the maleate and the fumarate may result. In the present invention, both of these can be used as the ether com- 
pound for use in radical polymerization (1). Further, there is no particular limrtation with respect to the .somer ratio 
vSEl in the isomerization of the al.y. ether compound of the formula (2). when the ratio of 

group to the corresponding propeny. ether group is less than 100%. the obtained .somer has both al yl ether group and 
propenyl ether group. This compound is also a useful ether compound for use in rad.cal polymer.zat.on. 
K£] From the viewpoint of the ease of radical polymerization of the ether compound for use .n rad.cal polymer za- 
tTL p efened thaUhe ratio of isomerization of a.lyl ether of the formu.a (2) to propeny. ether of the formula , (1 Je 
at least £%. This isomerization ratio can be determined by, for example, characteristic peak .ntegral ratio of an allyl 
ether aroup vs. propenyl ether group measured by 1 H-NMR. j. 
SSq Though the product obtained by the isomerization can be used as it is occas.onaHy .t may be ^MMora 
use by. for example, distillation in the presence of a polymerization inhibitor such as a phenol or copper naphthenate. 
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rw.n n nf pmpgn yl ether ™m pnund tor use in radical polymerization (1) 

[0087] The thus obtained propenyl ether compound of the present invention can easily be cured by heating or irradi- 
St with ultraviolet rays or electron beams to thereby effect a radical po.ymerizat,on ,n the presence of a rad.ca. 

5 gSSST T5£!5£ of radical polymerization initiators can be used without any particular limitation as long as rad- 
icals are formed by heat, ultraviolet rays, electron beams, radiation, etc. 

JSST Ses of radical polymerization initiators which can be used in the radical polymenzafon by heat include, 
am rnmoounds such as 2 2'-azobisisobutyronitrile and 2 l 2'-azobisisovaleronitrile; 

^SSSS^M«Jii ethyl ketone peroxide, methyl isobuty. Ketone peroxide and cyclohexanone perox- 
ide 

diacyl peroxides such as benzoyl peroxide, decanoyl peroxide and lauroyl peroxide; 

dialkyl peroxides such as dicumyl peroxide, t-butyl cumyl peroxide and di-t-buty I perox.de; 

neroxvketals such as 1 1 -di-t-buty Iperoxycyclohexane and 2,2-di(t-butylperoxy)butane; ^ t w A , 

K peters «S - -butyl peroxypivalate. t-butyl peroxy-2-ethy.hexanoate. t-butyl peroxyisobutyrate. d,-t-butyl 

X^^^^^^ P-oxyazelate, t-butyl peroxy-3,5.5-trim e thy.hexanoate, t-butyl peroxyac- 

etate t-butvl peroxybenzoate and di-t-butyl peroxytrimethyladipate; and 

P^carboSes J* as diisopropyl peroxydicarbonate, di-sec-buty. peroxydicarbonate and t-butyl peroxy.sopropyl- 

20 carbonate. 

[00901 These radical polymerization initiators can be employed either individually or in combination 

[Soil! Examp les of radical polymerization initiators which can be used in the radical polymerization by .rrad.at.on w.th 

ultraviolet rays, electron beams or radiation include: 

acetophenones and derivatives thereof, such as acetophenone. 2.2-dimethoxy-2-phenylacetophenone. diethoxy- 
aceSenone 1-hydroxycyc.ohexyl pheny. ketone, 2-methyl-1 -[4-(methy«^^ 

Z&S^^ and 2-hydroxy-2-methyl- l -pheny.propan-1-one, 

benzoohenone and derivatives thereof, such as ^*m*aa 
benzophenones, 4,4'-bis(dimethy.amino)benzophenone. 4-trimethy.silylbenzophenone and 4-benzoyl-4 -methyld- 

Snl arSderivatives thereof, such as benzoin, benzoin ethyl ether, benzoin propyl ether, benzoin isobutyl ether 

Z^^^TS^ dimethylketa. and 2.4.6-trimethy^benzoy.dipheny.phosphine oxide. These radica. 
polymerization initiators can be employed either individually or in combination. 

[0092] These radical polymerization initiators are generally used in an amount of 0.01 to 15% by weight, preferably 
o 1 to io%bvweioht based on the weight of the ether compound (1) of the present invention. 
fo0931 The eS compound (1) of the present invention may be blended before use with, for example, an ultravolet 
SSm^XSLS a colorant, a fiHer. a release agent, an antistatic agent and various stab...zers. dependmg on 

l^^Tn^pTopenyl ether compound (1) for use in radical polymerization according to the present invention can be 
widely utilized in the field of curable resins, for example, used in: 

coating materials for wood coating, film coating, metal coating, plastic coating, inorganic coating, hard coating and 

P a«riate suS, as paints and printing inks; photoforming materials; optical materials such as optica, disks, 
spectacle lenses and prisms; adhesives; photoresist; sealants; and mold.ng compounds. 

so FFFECT OF THE INVENTION 

r00951 The novel propenyl ether compound and novel allyl ether compound of the present invention are extremely 
Sefu b Jause as from the Examples, these can be cured by the simple radical polymerization by heat or 

photoirSon. andTy are applicable for the above various uses such as coating materials, paint materials, opt-cal 

55 SST-S ? P^seTintention provides the process for efficiently and easily producing the above ether compounds. 
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EXAMPLE 

rO0971 The present invention will be further illustrated below with reference to the following Examples, which in no way 
Se s^>e 01 the invention as long as the spirit of the invention is not departed from. The followmg measunng instru- 
ments were used. 

1 H-NMR 

[0098] 

Employed model: JEOL EX-400 (400 MHz). 

[0099] Each sample was dissolved in deuterated chloroform, and the chemical shift was computed with the use of 
tetramethylsilane as an internal reference substance. 

IR 

[0100] 

Employed model: FT/IR-7300, manufactured by Japan Spectroscopic Co., Ltd. 
UV irradiation apparatus 
[0101] 

Employed model: Toscure 401. manufactured by Toshiba Corporation (mercury lamp, irradiation intensity: irradia- 
tion distance 100 mm-70 mW/cm 2 ). 

Example 1 

[0102] 144 g (1 mol) of dimethyl fumarate, 245 g (2.4 mol) of ethylene glycol monopropeny! ether, 0.2 g of zinc acetate 
and o 3 g of tetiakis[methylen^ < trade n f me . ,rg t anox ™ ° 

availabt from Japan Ciba-Geigy. hereinafter also referred to simply as "Irganox 1010") as a polymenzafon inhibitor 
were charged into a 1 lit. flask equipped with distillation column. The mixture was heated at 140>C .n a mtrogen rtmoe- 
ph^ and a reaction was effected for 8 hr. Secondarily produced methanol was distilled off. When the; amourj t of rn^h- 
anol reached 70% of the theoretical amount, the pressure inside the reaction system was gradually r^uced to thereby 
rloval of methanol by distillation. The pressure was finally reduced to about 400 Pa, hereby com- 
pletely distilling off the theoretical amount of methanol and any remaining ethylene glycol ™ no ^^^^ 
Son mixture was cooled to room temperature, and 283 g of product was recovered. The obtained product was ana- 
lyzed by 1 H-NMR and IR, and it was found that the product was bis [2-(1-propenyloxy)ethyl] fumarate. 

1 H-NMR 
[0103] 

6(ppm) 6.91 (s, 2H, -OCOCH=CHCOO-), 6.23, 5.95 (d, 2H, CH 3 -CH=CH-0-), 4.83-4-78, ^' A ^^f^L 
cScH-O-). 4.42-4.35 (m, 4H, -O-CH^Cidg-OCO-). 3.99-3.96, 3.90-3.87 (m, 4H, -0-C&-CH 2 -OCO-), 1 .57, 1 .56 
(d, 6H, CH3-CH=CH-Q-). 
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[0104] 

v(CO) = 1725 cm' 1 . v(propenyl C=C) = 1670 cm* 1 , v(fumarate C=C) = 1660 cm" 1 . 

[0105] 1-Hydroxycyclohexyl phenyl ketone (trade name "Irgacure 184" available from Japan Ciba-Geigy. her^nafter 
Llso referred to simpfy as "Irgacure 184") as a radical polymerization initiator was added to the obta.ned P r£ucU im 
amount of 4% by weight based on the weight of the product and mixed. The mixture was applied to a glass plate so that 
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the coating thickness was about 15 um. Thereafter, the coating was irradiated wrth UV by means of «™2?£T^ 
irradiation apparatus equipped with mercury lamps to thereby effect a radical polymerization reason so that the coat- 
ing was cured. In this curing, the coating was passed once through the apparatus at a conveyor speed of 0.5 m/m,n. As 
a result, a tack-free cured film was obtained. 



Example 2 



[0106] 144 g (1 mol)of dimethyl fumarate. 245 g (2.4 mol) of ethylene glycol monoallyl ether, 0.2 g of zinc acetate and 
0 05 c or Irganox 1010 as a polymerization inhibitor were charged into a 1 lit, flask equipped with d.st.llat.on column. 
The mixture was heated at 140">C in a nitrogen atmosphere for 8 nr. Secondarily produced methanol was distilled off. 
When the amount of methanol reached 70% of the theoretical amount, the pressure inside the reaction system iwas 
qradually reduced to thereby accelerate the removal of methanol by distillation. The pressure was finally reduced to 
about 400 Pa thereby completely distilling off the theoretical amount of methanol and any remaining ethylene glycol 
monoallyl ether. The reaction mixture was cooled to room temperature, and 283 g of product was reewerea. The 
obtained product was analyzed by 1 H-NMR and IR. and it was found that the product was b.s(2-allyloxyethyl) fumarate. 



1 H-NMR 
[0107] 



6(ppm) 6.90 (s, 2H, -OCOCH=CHCOO-), 5.95-5.85 (m, 2H, CH 2 =CH-CH 2 -), 5.28 (dt. 2H, CH^CH-CH*-). 5.19 (dt. 
2H, CH2=CH-CH 2 -), 4.32 (t. 4H. -0-0^0^-000-), 4.00 (d, 4H, CH^CH-CHg-). 3.70 (t, 4H. -O-CH^CH^OCO-). 

IR 
[0108] 

v(CO) = 1730 cm 1 , v(fumarate C=C) = 1660 cm" 1 , v(allyl C=C) = 1646 cm" 1 . 

30 [0109] 28 g of the obtained bis(2-allyloxyethyl) fumarate and 0.1 got 

dihydridotetrakis(tri P henylphosphine)ruthenium were charged into a 50 ml flask equipped wrth a 'condenser ™£**> 
of the reaction vessel was deaerated and purged with nitrogen. A reaction was earned out at 1 40 to 150°C in a nitrogen 

STi°0? h Thereafter! 0.03 g of the above polymerization inhibitor Irganox 1010 was added to the reaction^ mixture^ 
35 purification was performed by vacuum distillation. 20 g of product was obtained by d.st.llat.on at 1 50 to 1 55 C/1 3S I Pa 
The obtained product was analyzed by 1 H-NMR and IR, and it was found that the product was the same bis[2-(1-pro- 
penyloxy)ethyf] fumarate as in Example 1 



40 



1 H-NMR 



[0111] 

6(ppm) 6.91 (S. 2H, -OCOCH=CHCOO-). 6.23, 5.95 (d. 2H. CH 3 -CH=CH-0-). 4.83-4.78, 4^47-442 ! (m 2H CH3- 
CH=0H-O-). 4.42-4.35 (m. 4H, -O-CH^-CHa-OCO-). 3.99-3.96, 3.90-3.87 (m. 4H, -0-CHgCH 2 -OCO-). 1.57. 1.56 
45 (d, 6H, Ctb-CH=CH-0-). 

IR 

[0112] 

v(CO) = 1725 cm" 1 , v(propenyl C=C) = 1670 cm' 1 , v(fumarate C=C) = 1660 cm" 

[01 1 3] In the same manner as in Example 1 . the above radical polymerization initiator Irgacure 184 was added to the 
obtained product in an amount of 4% by weight based on the weight of the product and mixed. The mixture was applied 
55 to a glass plate so that the coating thickness was 15 urn. Thereafter, the coating was cured wrth UV by means of the 
above UV irradiation apparatus. In this curing, the coating was passed once through the apparatus at a conveyor speed 
of 0.5 m/min. As a result, a tack-free cured film was obtained. 
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Example 3 

[0114] 98 g (1 mol) ol maleic anhydride. 245 g (2.4 mol) of ethylene glycol monoallyl ether. 200 ml of benzene and 
0 5 g of sulfuric acid were charged into a 1 lit. glass flask equipped with an agitator, a thermometer, a condense anda 
water d^e mining receiver. The mixture was heated on an oil bath under agitation. The react.on temperature was ra.sed 
SSc he Reaction was continued while distilling off water secondarily produced in accordance w. h the progress 
of the reaction When the amount of water distilled off reached the theoretical amount, the reacton was terminated, fol- 
lowed by Sng. The thus obtained reaction mixture was transferred into a separatory funnel. 300 ml of benzene was 
added thereto, and separatory washing was conducted with the use of a 10% aqueous sod.um carbonate soluton and 
water Thereafter, the reaction mixture was purified by vacuum distillation. 241 g of product was obtamed by delation 

Jll^SStxlud was analyzed by 1H-NMR and IR. and it was found that the product was bis(2-ally.oxye- 
thyl) maleate. 



15 1 H-NMR 



[0116] 



20 



25 



6(ppm) 6.30 (s, 2H, -OCOCH=CHCOO-), 

5.95-5.85 (m, 2H, CH 2 =CH-CH 2 -), 

5.28 (dt, 2H, CH2=CH-CH r ), 

5.19 (dt, 2H, CH2=CH-CH 2 -). 

4.34 (t, 4H, -0-CH 2 CH2-OCO-), 

4.02 (d, 4H, CH 2 =CH-CH2-), 

3.68 (t, 4H, -0-CH2CH 2 -OCO-). 



IR 



[0117] 
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v(CO) = 1732 cm" 1 , v(allyl C=C, maleate C=C) = 1646 cm' 1 . 



[01181 28 g of the thus obtained bis(2-allyloxyethyl) maleate and 0.1 g of dichlorotris(triphenylphos phine)ruthenium 
were i ch^Jd Mo the same reaction vessel as in Example 2, and a reaction was carried out at 150°C ,n a mtrogen 
SS^trTi Thereafter, 0.03 g of the above polymerization inhibitor Irganox 101C ►was padded to| the rea^ 
mixture and the reaction mixture was purified by vacuum distillation. 1 8 g of product was obtained by d.s^at.on at 1 50 
to 155^C/133 Pa. The obtained product was analyzed by 1 H-NMR and IR, and it was found that the product was the 
same bis[2-(1 -propenyloxy)ethyl] fumarate as in Example 1 , which resulted from the isomenzat.on of maleate to fuma- 
rate. 

1 H~NMR 



45 



[0119] 



5(p P m) 6.91 (s, 2H, -OCOCH=CHCOO-), 6.23, 5.95 (d, 2H, CH 3 -CH=CH-0-), 4.83-4.78, 4.47-4-42 (m 2H CH3- 
CH=CH O )• 4.42-4.35 (m, 4H, -O-CH^-OCO-). 3.99-3.96, 3.90-3.87 (m, 4H, -0-CHbCH 2 -OCO->, 1 .57, 1 .56 (d. 
6H, CH3-CH=CH-0-). 



50 



55 



IR 



[0120] 



v(CO) = 1725 cm" 1 , v(propenyl C=C) = 1670 cm' 1 . v(fumarate C=C) = 1660 cm" 1 . 



[0121] In the same manner as in Example 1 . the above radical polymerization initiator Irgacure 184 was added to the 
obtained product in an amount of 4% by weight based on the weight of the product and mixed. The mixture was > appl ed 
to a glass plate so that the coating thickness was 1 5 m . Thereafter, the coating was cured with UV by means of the 
above UV irradiation apparatus. In this curing, the coating was passed once through the apparatus at a conveyor speed 
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of 0.5 m/min. As a result, a tack-free cured film was obtained. 



Example 4 

s [0122] 98 g (1 mol) of maleic anhydride, 256 g (2.2 mol) of propylene glycol monoallyl ether, 200 ml of benzene and 

0 5 g of sulfuric acid were charged into a 1 lit. glass flask equipped with an agitator, a thermometer, a condenser and a 
water determining receiver. The mixture was heated on an oil bath under agitation. The reaction temperature was raised 
to 80°C and the reaction was continued while distilling off water secondarily produced in accordance with the progress 
of the reaction. When the amount of water distilled off reached the theoretical amount, the reaction was terminated, fol- 
io lowed by cooling. The thus obtained reaction mixture was transferred into a separatory funnel. 300 ml of benzene was 

added thereto, and separatory washing was conducted with the use of a 10% aqueous sodium carbonate solution and 
water Thereafter, a vacuum concentration of the reaction mixture was performed, thereby obtaining 300 g of product. 
[0123] The obtained product was analyzed by 1 H-NMR and IR, and it was found that the product was bis(3-allyloxy- 
propyl) maleate. 

75 

1 H-NMR 



[0124] 

6(ppm) 6 30 (s, 2H, -OCOCH=CHCOO-), 5.96-5.85 (m, 2H, CH 2 =CH-CH 2 -), 5.26 (dt, 2H, Ctb=CH-CH 2 -), 5.21 (dt, 
2H, CH2=CH-CH 2 -), 4.82 (t, 2H, -O-CHg-CHg-Ctfe-OCO-). 4.30 (d. 4H, CH^CH-CH^), 4.10-4.00 (m, 4H, -0-CH 2 - 
CH2-CH 2 -OCO-), 3- 68 (*• 4H « -0-CH2-CH 2 -CH 2 -OCO-). 



25 



30 



35 



IR 

[0125] 

v(CO) = 1732 cm' 1 , v(allyl C=C. maleate CC) = 1645 cm" 1 . 



[0126] Dicumyl peroxide as a radical polymerization initiator was mixed into the obtained product in an amount of 2% 
by weight based on the weight of the product and dissolved. The mixture was cast into the interstice of two cellophane 
laminated glass plates having a silicon-made spacer interposed therebetween, placed in an oven and heated at 1 10°C 
for 30 min, at 130°C for 1 hr and at 160°C for 1 hr. A cured product having a Barcol hardness of 30 was obtained by this 
casting and curing. 



Example 5 



[01 27] 1 44 g (1 mol) of dimethyl fumarate, 279 g (2.4 mol) of propylene glycol monoallyl ether, 0.3 g of dibutyltin oxide 
and 0.05 g of polymerization inhibitor Irganox 1010 were charged into a 1 lit, internal volume flask equipped with distil- 
40 lation column. The mixture was heated at 150°C in a nitrogen atmosphere. Secondarily produced methanol was dis- 
tilled off When the amount of methanol reached 70% of the theoretical amount, the pressure inside the reaction system 
was gradually reduced to thereby accelerate the removal of methanol by distillation. The pressure was finally reduced 
to about 400 Pa, thereby completely distilling off the theoretical amount of methanol and any remaining propylene glycol 
monoallyl ether. 

45 [0128] The reaction mixture was cooled to room temperature, and 315 g of product was recovered. The obtained 
product was analyzed by 1 H-NMR and IR, and it was found that the product was bis(3-allyloxypropyl) fumarate. 



1 H-NMR 



so [0129] 

6(ppm) 6 90 (s 2H -OCOCH=CHCOO-). 5.96-5.84 (m, 2H, CH 2 =CH-CH 2 -), 5.26 (dt. 2H, CHb=CH-CH 2 -), 5.22 (dt, 
2H, Chb=CH-CH 2 -), 4.82 (t, 2H, -0-CH 2 -CH 2 -CH2-OCO-), 4.30 (d, 4H, CH^CH-Cfcfe-). 4.10-4.00 (m, 4H, -OCH 2 - 
Ctb-CH 2 -OCO-), 3.68 (t, 4H. -0-CH2-CH 2 -CH 2 -OCO-). 
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IR 



[0130] 

s. v(CO) = 1732 cm' 1 , v(fumarate C=C) 1660 cm 1 , v(allyl C=C) = 1645 cm" 1 . 

r0131l In the same manner as in Example 4, dicumyl peroxide as a radical polymerization initiator was mixed into the 
obtanedproducTr 

and heated at 1 1 0°C for 30 min. at 130°C for 1 hr and at 160°C for 1 hr. A cured product hav,ng a Barcol hardness of 
io 35 was obtained by this casting and curing. 

Example 6 

[01321 172 g (1 mol) of dimethyl fumarate, 306 g (3 mol) of ethylene glycol monopropenyl ether, 0^2 g of *butyltin 
o^de and 0 05 g of po ymerization inhibitor Irganox 1010 were charged into a 1 lit. flask equ.ppedw.thd.st tet.on col- 
umn Te mixture wS heated at 150'C in a nitrogen atmosphere to thereby react it. Secondarily produced ethanol was 
Sled off Xen the amount of ethanol reached 70% of fhe theoretical amount, the pressure ins.de the react™ sys- 
tem Ss^^ reduced to thereby accelerate the removal of ethanol by distillation. The pressure was f ,na y reduced 
to JSt SoS thereby completely distilling off the theoretical amount of ethanol and any rema.n.ng e^ene glycol 
r^nooropenyl e her. The reaction mixture was cooled to room temperature, and 283 g of product was recovered. The 
SSS. analyzed by ' H-NM R and IR, and it was found that the product was bis [2-(1 -propenyloxy) ethyl] 



15 



20 



fumarate. 
1 H-NMR 



25 



[0133] 

5(Dpm) 6 91 (s 2H, -OCOCH=CHCOO-). 6.23. 5.95 (d. 2H, CH 3 -CH=CH-0-). 4.83-4.78. 4 47-4^42 ! (m. 2H CH 3 - 
CH=CH O ), 4 42-4.35 (m, 4~H. -0-0^-0^-000-). 3.99-3.96. 3.90-3.87 (m, 4H. -O-CH.-CHa-OCO-), 1 .57, 1 .56 
30 (d, 6H, CH3-CH=CH-0-). 



IR 



35 



40 



45 



50 



[0134] 

v(CO) = 1725 cm" 1 . v(propenyl C=C) = 1670 cm' 1 . v(fumarate C=C) * 1660 cm' 1 . 
T0135] in the same manner as in Example 4. dicumyl peroxide as a radical polymerization initiator was mixed into the 
o^ 

and heated at no-C for 30 min. at 130>C for 1 hr and at 160°C for 1 hr. A cured product hav.ng a Barcol hardness of 
39 was obtained by this casting and curing. 

Example 7 

[0136] 449 g (2.8 mol) of dimethyl itaconate. 870 g (5.7 mol) of ethylene glycol monopropenyl ether and 1 32 g of dib- 
utyltin oxide were charged into a 1 lit. flask equipped with distillation column. The mixture was heated at 50 C in a 
Sogen Where to thereby react it. Secondarily produced methanol was distilled off. When the amount o I m£«ri 
reacSed 70% of the theoretical amount, the pressure inside the reaction system was gradually reduced to thereby 
23^i^^ of methanol by distillation. The pressure was finally reduced to about 400 Pa. *^com- 
pletely distilling off the theoretical amount of methanol and any remaining ethylene glycol 

Son mixture was cooled to room temperature, and 830 g of product was recovered. The obtained product was ana- 
lyzed by 1 H-NMR and IR. and it was found that the product was bis[2-(1 -propenyloxy) ethyl] itaconate. 



H-NMR 



55 



[0137] 

5(ppm) 6.37 (s. 1H. =C=CHa). {6.22 (d. CH 3 -CH=CH-0-), 5.98-5.91 (m, CH 3 -CH=CH-0-), total 2H}. {4.82 4.65 (m, 
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CH CH-CH-O-) 4 48-4 37 (m. CH 3 -CH=CH-0-). total 2H), 4.37-4.23 (m, 4H. -O-CH^-OCO-), 3.97-3.80 (m, 
4H^CH 2 !ocS). 3 3i (s. 2H f -OCO-C^CH,). 1 58-1 .51 (m, 6H. CH^CH-O-). 



IR 

[0138] 



75 



20 



25 



v(CO) = 1740 cm" 1 - v(propenyl C=C) = 1670 cm' 1 , v(itaconate C=C) = 1643 cm' 1 . 



speed of 0.5 m/min. As a result, a tack-free cured film was obtained. 
Example 8 

by 1 H-NMR and IR. and it was found that the product was bis[2-(1 -propenyloxy)ethyl] maleate. H-NMR 
CH=CH-0-). 



IR 

30 [0141] 

v(CO) = 1732 cm- 1 , v(propeny! C=C) = 1670 cm' 1 , v(maleate C=C) = 1645 cm' 1 . 

of 0.5 m/min. As a result, a tack-free cured film was obtained. 
40 Example 9 

so propenyloxy)ethyQ maleate as in Example 8. 
1 H-NMR 



55 



[0144] 



CH=CH-0-). 
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20 



[0145] 

v(CO) = 1732 cm" 1 , v(propenyl C=C) = 1670 cm" 1 , v(maleate C=C) = 1645 cm 1 . 

[01461 In the same manner as in Example 4, dicumyl peroxide was mixed into the obtained product in an amount of 
2% by weight based on the weight of the product. The mixture was cast and cured at 1 10°C for 30 mm, at 130°C for 1 
hr and at 160°C for 1 hr. Thus, a cured product having a Barcol hardness of 40 was obtained. 

Example 10 

[01471 208 6 g (0.73 mol) of bis(2-allyloxyethyl) maleate obtained by the process described in Example 3 and 22.3 g 
of 5% Pd-Al 2 0 3 were charged into a 300 ml flask and heated at 150*C in a nitrogen atmosphere for 10 hr to thereby 
effect a reaction The reaction mixture was cooled to room temperature, and 5% Pd- Al 2 0 3 was filtered off. Thus, 200 g 
of product was recovered. The obtained product was analyzed by 1 H-NMR and IR, and it was found that the product 
was the same bis[2-(1 -propenyloxy) ethyl] maleate as in Example 8. 



30 



35 



40 



45 



50 



H-NMR 



[0148] 



5(ppm) 6.30 (s, 2H. -OCOCH^CHCOO-), 6.23, 5.95 (d, 2H, CH 3 -CH=CH-0-), 4.83-4.75, 4.51-4.40 (m, 2H CH 3 - 
CH=CH-0-). 4.40-4.34 (m, 4H. O-C^Cife-OCO-). 3.96, 3.87 (t, 4H, -O-Ci^CHs OCO-), 1.59-1.54 (n% 6H, CH3- 
25 CH=CH-0). 



IR 



[0149] 

v(CO) = 1732 cm" 1 , v(propenyl C=C) = 1670 cm" 1 , v(maleate C=C) = 1645 cm 1 . 

[01 50] In the same manner as in Example 1 , the above radical polymerization initiator Irgacure 1 84 was added to the 
obtained product in an amount of 4% by weight based on the weight of the product and mixed. The mixture was applied 
to a glass plate so that the coating thickness was 15 jam. Thereafter, the coating was cured with UV by means of the 
above UV irradiation apparatus. In this curing, the coating was passed thrice through the apparatus at a conveyor speed 
of 0.5 m/min. As a result, a tack-free cured film was obtained. 

Example 1 1 

[0151] 102 g (0 36 mol) of bis(2-allyloxyethyl) maleate obtained by the process described in Example 3 and 1 1 .4 g of 
5% Pd-AU0 3 were charged into a 300 ml flask and heated at 150°C in a nitrogen atmosphere for 3 hr to thereby effect 
a reaction The reaction mixture was cooled to room temperature, and 5% Pd-Al 2 0 3 was filtered off. Thus, 100 g of 
product was recovered. The obtained product was analyzed by 1 H-NMR, and it was found from charactenst.c peak inte- 
gral ratio of an allyl ether group (CH 2 =CH-CH 2 0-) vs. propenyl ether group (CH 3 CH=0H-O-) that the product was an 
isomer mixture in which a compound having an allyl ether group was contained in an amount of 48%. 
[0152] In the same manner as in Example 1 , the above radical polymerization initiator Irgacure 1 84 was added to the 
obtained product in an amount of 4% by weight based on the weight of the product and mixed. The m.xture was applied 
to a glass plate so that the coating thickness was 15 ^m. Thereafter, the coating was cured with UV by means of the 
above UV irradiation apparatus. In this curing, the coating was passed thrice through the apparatus at a conveyor speed 
of 0.5 m/min. As a result, a tack-free cured film was obtained. 



Claims 

55 1 . A propenyl ether compound for use in radical polymerization, represented by the formula: 

CH 3 -CH=CH.(OR 1 ) n -0CO-X-COO-(R 2 O) n -CH=CH-CH 3 (1) 
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20 



wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )-. 
" each of R 1 and R 2 represents an alkylene group having 2 to 4 carbon atoms or a cycloalkylene group hav.ng 5 to 
12 carbon atoms, and n is an integer of 1 to 5. 

2. The propenyl ether compound for use in radical polymerization as claimed in claim 1 , wherein, in the formula (1), n 
= 1 and each of R 1 and R 2 represents -CH 2 -CH 2 - or -CH 2 -CH(CH 3 )-. 

3 The propenyl ether compound for use in radical polymerization as claimed in claim 1 , wherein in the formula (1), n 
' - 1 , each of R 1 and R 2 represents -CH 2 -CH 2 - or -CH 2 -CH(CH 3 )-, and X represents -CH=CH- (trans). 

4. A process for producing the propenyl ether compound for use in radical polymerization according to claim 1 , which 
comprises subjecting: 

an ester represented by the formula R 3 -OCO-X-COO-R 4 

JwhereTn I represents CH=CH- or -CH 2 -C(=CH 2 )- and each of R and R independently represents an alkenyl 
group or alkyl group having 1 to 3 carbon atoms) and 

an alcohol represented by fhe formula CHs-C^CH-pRVOH (wherein R* represents an alkylene group hav- 
ing 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 caroon atoms, and n is an .nteger of 1 to 5) 
to a transesterification reaction conducted in the presence of a transesterrfication catalyst. 

5. A process for producing the propenyl ether compound for use in radical polymerization according to claim 1 , which 
comprises isomerizing an allyl ether compound represented by the formula: 

(2) 



CH 2 =CH-CH 2 -(OR 6 ) n -OCO-X-COO-(R 7 0) n -CH 2 -CH=CH 2 



25 



wherein X represents -CH=CH- or -CH 2 -C(=CH 2 ), each of R 6 and R 7 independently represents an alkylene group 
having 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n ,s an .nteger of 1 to 5. 

6. A process for producing the propenyl ether compound for use in radical polymerization according to claim 1 , which 
comprises subjecting: 

(i) at least one carboxylic acid or anhydride thereof selected from the group consisting of maleic anhydride, 
maleic acid, fumaric acid, itaconic acid and itaconic anhydride, and .. . nrniin 

(ii) an alcohol represented by the formula CH 2 =CH-CH 2 -(OR 8 ) n -OH (wherein R 8 represents an alkylen » Qjoup 
having 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n ,s an nteger d M to .5) 
to an esterification reaction conducted in the presence of an esterrficatoon catalyst to thereby obtain the allyl 
ether compound of the above formula (2). and isomerizing the allyl ether compound. 

7. A process for producing the propenyl ether compound for use in radical polymerization according to claim 1 . which 
comprises subjecting: 

an ester represented by the formula R 3 -OCO-X--COO-R 4 (wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )- 
and each of R 3 and R 4 independently represents an alkenyl group or alkyl group having 1 to 3 carbon atoms) 

a^alcohol represented by the formula CH 2 =CH-CH 2 -(OR 8 ) n -OH (wherein R 8 represents an alkylene group 
having 2 to 4 carbon atoms or a cycloalkylene group having 5 to 1 2 carbon atoms, and n is an integer of 1 to 5) 
to a transesterrfication reaction conducted in the presence of a transesterification catalyst to thereby obtain the 
allyl ether compound of the above formula (2), and 
isomerizing the allyl ether compound. 

8 The process as claimed in any of claims 5 to 7. wherein the isomerization is performed in the presence of an 
' isomerization catalyst comprising a metal salt, a metal complex, or a catalyst supporting a metal, which metal is at 
least one metal selected from among the metals of Group 8 of the periodic table. 

55 9. The process as claimed in claim 8. wherein the catalyst used as the isomerization catalyst ^comprises > a metal I salt, 
a metal complex, or a catalyst supporting a metal, which metal is at least one metal selected from among ruthe- 
nium, palladium, rhodium, platinum and iridium. 
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1 0 The process as claimed in claim 5. wherein, in the isomerization of the allyl ether compound of the formula (2) an 
' allyl ether group is isomerized into a propenyl ether group corresponding thereto at a conversion of at least 50 /o. 

1 1. An allyl ether compound for use in radical polymerization, represented by the formula: 

CH 2 =CH-CH 2 -(OR 6 ) n -OCO-X-COO-(R 7 0)n-CH 2 -CH=CH 2 (2) 

wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )-. each of R 6 and R 7 independently represents an alkylene group 
having 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 caibon atoms, and n is an integer of i to 5. 
provided that, when n = 1. each of R 6 and R 7 represents an alkylene group having 3 or 4 carbon atoms or a 
cycloalkylene group having 5 to 12 carbon atoms. 

12. A process for producing the allyl ether compound for use in radical polymerization according to claim 11. which 
comprises subjecting: 

(i) at least one unsaturated dicarboxylic acid or anhydride thereof selected from the group consisting of maleic 
anhydride, maleic acid, fumaric acid, itaconic acid and itaconic anhydride, and 

(ii) an alcohol represented by the formula CH 2 =CH-CH 2 -(OR 8 ) n -OH (wherein R represents an alkylene group 
having 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n is an integer of 1 to 
5, provided that, when n = 1. R 8 represents an alkylene group having 3 or 4 carbon atoms or a cycloalkylene 
group having 5 to 12 carbon atoms) 

to an esterification reaction conducted in the presence of an esterification catalyst. 

13. A process for producing the allyl ether compound for use in radical polymerization according to claim 11. which 
25 comprises subjecting: 

an ester represented by the formula R 3 -OCO-X-COO-R 4 (wherein X represents -CH=CH- or -CH 2 -C(=CH 2 )- 
and each of R 3 and R 4 independently represents an alkenyl group or alkyl group having 1 to 3 carbon atoms) 

a^alcohol represented by the formula CH 2 =CH-CH 2 -(OR 8 ) n -OH (wherein R 8 represents an alkylene group 
having 2 to 4 carbon atoms or a cycloalkylene group having 5 to 12 carbon atoms, and n «s an integer of 1 to 
5, provided that, when n = 1, R 8 represents an alkylene group having 3 or 4 carbon atoms or a cycloalkylene 
group having 5 to 12 carbon atoms) 

to a transesterification reaction conducted in the presence of a transesterification catalyst. 

1 4 A process for producing an ether (co)polymer, which comprises performing a radical polymerization of the propenyl 
' ether compound for use in radical polymerization according to any of claims 1 to 3 or the allyl ether compound for 
use in radical polymerization according to claim 1 1 in the presence of a radical polymerization initiator. 
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